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Abstract 
Significant growth in tourism sector has created major challenges in planning and managing 
the environment and landscapes of tourism sites. This is due to the need to provide attractive tourism 
sites and supporting products such as accommodations and transportation networks as well as 
protecting the environment. This study used GIS to map and measure land use transformation from 
1974 to 2005 and examine areas that are likely to experience urban development pressure. Zoning 
strategies such as by containing urban built-up areas within existing urban areas and promoting 
sustainable ecotourism development within Langkawi Geopark have succeeded in controlling 
expansion of built-up areas. 
© 2012 The Authors. Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Universiti Sains 
Malaysia. 
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1. Introduction 
In Malaysia, tourism sector  has contributed significantly to the Gross Domestic Product (GDP), such that in 
1988 this sector contributed approximately RM9.8 billion and it increased to RM31.1 billion in the year 2000, 
Malaysia, [1]. Tourist arrival in Malaysia also increased in 2010.  For example, Tourism Malaysia [2], in 1998 
tourists arrival was about 5.5 million people and it increased to 16.4 millions in the year 2005 and reached 20.9 
millions in 2007. According to Department of Statistics, Malaysia [3], 3he numbers of inbound tourists also have 
increased from 31.5 million to 32.7 million between 2009 and 2010 respectively.   This sector has brought 
importance contribution to the national economy and improvement of the infrastructure throughout the nations. 
However, the development of touristic location and its supporting products have created pressure on land. For 
example, infrastructures such as road networks and facilities to accommodate tourists’ arrival are developed to 
satisfy the demand from the growth of this sector. The expansion of built environment surrounding and near 
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touristic locations created pressure on lands. Therefore, Chan, [4] and Clifton, [5] asserted that it becomes major 
challenges in planning land use allocation, managing the environment and landscapes of tourism sites and 
ensuring sustainable tourism development. The aim of this paper is to quantify land use changes and investigate 
urban development pressure towards ensuring sustainable tourism development in Langkawi Island. 
 
2. Background of the Study 
 
According to United Nations [6], tourism industry has the potential to generate foreign exchange earnings, 
create employment, promote development and strengthen linkages among different sectors in the country. 
Various products both natural and man-made including historical and heritage sites, beaches, scenic landscape 
and theme parks, meeting, incentives, conference and exhibition (MICE) and sports have been developed to 
attract tourists worldwide.  In addition, as stated by Samat [7], various supporting infrastructures such as hotels 
and road networks were developed to support tourism industry.  These activities as emphasized by Lambin [8] 
and Harding et al [9]  have altered land cover, consequently impacting the environment  and causing landscape 
change and fragmented, which will result in significant loss of biodiversity. 
Therefore, it is important that development of tourism sector to be undertaken with care in order to ensure its 
sustainability.  According to United Nations [6] sustainable tourism development is a premised on the 
responsibility of governments and all stakeholders in the tourism sector to ensure that long-term prosperity and 
the quality of life of the future generations is not place at risk. Lambin [8] and Samat [7] emphasized that one of 
the approaches used to ensure sustainable development is by controlling land use development. This could be 
undertaken by safeguarding the environment during development of tourism sites. For example, as stated by 
Chan [4], Gue and Tan [10].  proper planning and development strategy during the development of hotels or 
other facilities near areas with scenic beauty, the coastlines or elevated terrain such as hillside land will help in 
protecting natural environment. Institute of Engineers, Malaysia – IEM [11], for example, had published 
guidelines on mitigating the risk of landslide on hillside development in order to ensure safety which primarily 
focused on risk-to-life or consequences to life (casualties) and economic risk or consequences (damage to 
properties or services). 
Secondly, ecotourism has been promoted as one of the eco-friendly tourism products in many parts of the 
world. Ecotourism as defined by Clifton [5] and Barrow [12] refers to a sector of the tourism industry geared 
towards providing nature-based holiday experiences which also generate positive economic and socio-cultural 
benefits for host communities. This activity becomes popular due to an increasing level of environmental 
awareness particularly in post-industrial societies.  Furthermore, it becomes widely accepted idea that ecotourism 
could help pay to care for the environment and a growing awareness of the desirability of minimizing the 
physical and social impact of tourism (Barrow, [12]).     
Proper management and planning of tourism sites, therefore, need to be devised to ensure that the negative 
consequences to the society, economy and the environment are reduced (Chan, [4]; Lambin, [8]; Harding et al. 
[9]). Zoning regulation, for example, has been used in many part of the world to protect the natural environment, 
areas with valuable landscape, natural heritage or historical sites or the spot with scenic beauty and agricultural 
area.  Protected natural areas play essential role in land management and protection. Thus, larger areas of land are 
being legally designated under the category of protected area (Atauri et al, [13]).   
In order to evaluate the impact of land use development on the landscape structure, GIS has been effectively 
used to map, plan and monitor tourism activities in various places (Bahaire and Elliot-White, [14]) The study 
conducted by Erkin dan Usul [15], for example, evaluate the application of GIS in planning and allocating 
various tourists activities ranging from camping, biking and parachuting in Turkey.  It showed that GIS is 
invaluable tool in combining spatial and non-spatial data, which can be used in choosing suitable sites for various 
tourist activities. Furthermore, the study undertaken by Fritz et al. [16], integrated GIS and multi-criteria 
evaluation approach in evaluating wildness continuum in Britain. Various spatial variables such as distance from 
transport network and distance from population centers were used to define wilderness area. Changes of urban 
and rural landscape need to be properly monitored and managed. This will ensure the use of environmental 
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resources to produce goods and services is properly planned in such a way that the natural resource is not damage 
(Lambin, [8]).  Such analysis can easily be conducted spatially using Geographic Information Systems (GIS). In 
Malaysia, Samat ([7]) for example, had used GIS to monitor and assess the land use changes in Langkawi Island. 
The study demonstrated that time-series data analysis could effectively be used in providing invaluable 
information regarding land use transition and its intensity of urban growth. Such approach allows planners and 
decision makers to visualize and quantify land undergoing physical transformation due to tourism activities. That 
study, however, only focused on identifying areas experiencing land use transformation. No attempt was made on 
investigating areas experiencing urban development pressure.  
 
3.0   Methodology and Data  
 
This study assessed land use land cover changes from 1974 to 2005 in order to measure statistics, location and 
types of land use land cover that had undergone significant transformation in the last thirty years and identified 
areas experiencing development pressure.  First, land use land cover change was measured using equation (1) 
below. 
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 Equation (1) above can be used to evaluate location, quantity, location and type of land use land cover changes. 
This equation can easily be calculated using ArcGIS software (ESRI, [17]). 
Then, the study investigated areas under development pressure. This will be undertaken by using Multicriteria 
Evaluation Approach (MCE) which allows identification of potential sites for development. There are five steps 
involved in conducting GIS based MCE analysis namely i) determining the objective of the analysis, ii) defining 
criteria influencing land use for tourism development, iii) standardizing score from the criteria chosen in step 
two, iv) assigning weights for each of the criterion used; and v) combining all criteria by using decision rule. In 
this study, the objective is to determine development pressure in relation to potential sites for tourism 
development. Then, criteria influencing tourism development are selected. Criteria chosen could be those 
influencing or constraining tourism developments. The numbers of criteria used are unlimited but those criteria 
should be able to identify the objectives to be solved (Malcweski, [18]; Samat, [19]).  
In the context of selecting sites for tourism development, criteria used included proximity to existing 
transportation network, proximity to existing developed areas, proximity to industrial sites, and proximity to 
existing infrastructure. Constraints, on the other hand, are criteria that hinder the development of specific sites. In 
this study, environmentally sensitive area (ESA) is used as a constraint for tourism development sites.  The study, 
therefore, needs to determine ESA area prior to identifying suitable sites for the developments. After identifying 
criteria influencing and constraining tourism development, the score for each criterion needs to be standardized 
such that the scale used is comparable. Standardizing the scores for each criterion could be done by using range 
approach or fuzzy approach. The fourth step involves determining weights or relative importance of each factor. 
Various approaches could be used to determine weight such as ranking, rating, analytical hierarchy process 
(AHP) or fuzzy approach (Malcweski, [18];  Samat, [19]). In this study, AHP method is used since it allows the 
weight for each criterion to be compared with another criterion as a pair (Eastman, [20]).  In determining the 
weights, interview using structured questionnaire with 10 experts namely planners, Officers from Langkawi 
Development Authority, academicians and officers at Department of Environment were conducted. This 
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approach allows stakeholders to influence the decision making regarding the development to be undertaken. 
Finally, decision rule or approach to combine the all criteria is applied. The study used weight linear summation 
approach (WLC) to combine all factors and identify potential sites for tourism development. This can be 
presented using Equation 2 below. 
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Spatial data used in this study was obtained from various agencies at different scale and format. Land use 
2005 was obtained from Town and Country Planning Department, Kedah State at the scale of 1:50,000 in 
MapInfo format. Land use data of 1974 and 1985 were digitized from land use map obtained from Department of 
Agriculture, Malaysia at the scale of 1:75,000. Land use 1992 was digitized from map obtained from Langkawi 
Development Authority. Topography, Rivers, Roads and Population Centres were digitized from Topographic 
Map obtained from Department of Survey and Mapping, Malaysia, 1985. All these data were digitized, edited 
and inputted into database in ArcGIS 9.3 software (ESRI, [17]). Other data used included population data which 
was obtained from Department of Statistics, Malaysia, [21] and Department of Statistics, Malaysia, [22]. 
 
4.0  Study Area 
Langkawi Island was chosen as a study area. It is a tropical island located of the north-west coast of 
Peninsular Malaysia between 6o 10’N and 6o 30’N latitude and 99o 35’E and 100o 0’E longitude. The biggest and 
most developed island is Langkawi covers approximately 36,342.26 hectares. Figure 1 shows Langkawi Island 
and major population centres. Other islands are uninhabited or sparsely populated. Topography of this island is 
mountainous covered by forest reserved area of 26,266 ha that is 54.6% of total land area (Langkawi Municipal 
Council, [23]). 
Langkawi Island was selected as a study area since it has been one of the attractive tourism sites in Malaysia. 
In addition to its scenic beauty, various tourism products and its supporting products have been developed to 
cater the demand for ever growing tourists. For example, hotels and transport infrastructures have been built in 
this island to support tourist arrivals. Although built environment was directed to Kuah area, the development of 
tourism products were scattered throughout the study areas. This is to cater for growing number of tourists’ 
arrival in the Island. Langkawi island has experienced drastic increase of its population. In 1970, its population 
was only 23,788 and increased to 28,340 people in 1980.  In 1987, the island was declared as duty-free-zone, 
which aimed to promote tourism sector and at the same time generated local economy (Samat, [7]). Significant 
increased of its population could be seen in 1991 where the island population reached 42,938 and it continued to 
increase to 69,681 in 2000 (Department of Statistics, [3]). In 2005, Langkawi population was 84,054 and it 
increase to 94,777 in 2010. Langkawi’s population is forecasted to increase to 119,009 in 2015 (Langkawi 
Municipal Council, [21]; Department of Statistics, [22]; Department of Statistics, [23]). 
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Fig.1: The Study Area – Langkawi Island 
5.0  GIS-Based MCE Approach for Determining Areas Experiencing Urban Development Pressure 
 
In order to visualize areas experiencing urban development pressure, GIS-based MCE approach is used to 
identify potential sites for development. Then, ESA was determined to constrain development. This strategy will 
ensure development will not be allowed within ESA (EIA, [24]). Table 1 below illustrates criteria used to define 
ESA in Langkawi Island. Weights were obtained from interviews undertaken with 10 experts. Then, constraint 
map was produced using decision support module within IDRISI 3.2 software. Figure 2 below shows ESA used 
to constrain urban development. This map shows most parts of Langkawi are environmentally sensitive, which 
should be protected and conserved. Therefore, these areas shall not be allowed to be transformed to built-
environment. However, tourism development in the form of eco-tourism could be considered. 
 
Table 1: ESA criteria used to constrain tourism development 
Criteria used to 
determine ESA 
Description of development 
restriction 
Weights (Relative 
Importance) 
Forest No development shall be allowed 
within forest reserve areas 
0.1496 
Agriculture No development shall be allowed 
within areas reserved for agriculture 
0.4222 
Topography No development shall be allowed in 
areas above 300m height 
0.2244 
Rivers No development shall be allowed near 
or within areas reserved for rivers 
0.0664 
Coastlines No development shall be allowed 
within less than 200m from coastline 
0.1226 
Consistency Ratio 0.0700 
Source: EIA [24]; Yaakup et al. [25]. 
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Fig. 2: Environmentally Sensitive Areas 
 
6.0  Land Use Land Cover Changes in Langkawi Island 
 
In Langkawi Island, tourism activities have significant influenced on land use land cover. Although this island 
attracts more than 2 million tourists from local or abroad yearly, not much changes of its land use land cover had 
occurred in the last 30 years. Table 3 shows land use land cover changes from 1974 to 2005.  Built-up area 
category increased quite significantly where this activity covers only 133.4 ha in 1974, it increased to 1192.6 ha 
in 1985.  By 1992, additional 93 ha of built-up area were recorded. However, between 1992 and 2005, it reached 
3,137.2 ha. Area undergoing significant changes mostly centred around Kuah area and near existing population 
centres such as in Padang Mat Sirat and Pantai Chenang (Figure 1). Figure 3 shows land use land cover of 
Langkawi Island from 1974 to 2005. Built-up area concentrated within existing town centres mainly due to the 
zoning regulation used to control encroachment of built-up areas into ESA. 
 
Table 2: Land use land cover and its area from 1974 to 2005 
Category 
1974 
(hectares) 
1985 
(hectares) 
1992 
(hectares) 
2005 
(hectares) 
Built-up area 133.38 1192.65 1285.62 3137.24 
Mixed Agriculture 57.47 34.75 34.75 34.75 
Rubber 3681.12 5685.49 4597.91 4327.91 
Paddy 3576.49 2872.88 3902.21 3522.22 
Forest 24543.57 22315.22 22322.48 21383.56 
Water Body 644.27 623.22 632.22 529.28 
Village 3672.88 3609.05 3593.05 3407.30 
Total 36309.17 36333.26 36368.25 36342.26 
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Fig 3: Land use distribution in Langkawi Island from 1974 and 2005. 
a) Land use 1974 b) Land use 1985 
d) Land use 2005c) Land use 1992 
 
7.0  Identifying Areas Under Development Pressure   
 
This study then, attempts to identify areas suitable for tourism development in Langkawi Island. There are 
four criteria influencing tourism development used in this study. These criteria include proximity to existing 
transportation network, proximity to existing developed areas, proximity to industrial sites, and proximity to 
existing infrastructure. In addition, ESA map derived from the analysis above is used to constrain development. 
Similar to the step in determining ESA, weights were assigned based on preferences, opinion, knowledge and 
perception of the 10 experts (Malcweski, [18]; Samat, [19]). Table 2 illustrates criteria influencing tourism 
development sites and their respective weights based on experts’ opinion. The scores for criteria influencing 
tourism development sites were standardized using fuzzy approach. Higher values indicate preferred areas as 
compared to lower values. 
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Table 2: Criteria influencing urban development sites and their relative weights 
Factors Influencing Urban Development Average Weight from 10 Experts 
Proximity to Developed Areas 0.0750 
Proximity to Existing Roads 0.2800 
Proximity to Industrial Areas 0.4975 
Proximity to Existing Tourism Sites 0.1550 
Consistency Ratio 0.0700 
 
Finally decision rule based on Equation 2 is used to combine all criteria and their respective weights and 
constraint used in identifying potential sites for tourism development. Figure 5 illustrates potential sites for 
tourism development or areas to experience development pressure in Langkawi Island based on 10 different 
experts. From the figure, the study could not identify the most suitable sites for tourism development. This means 
tourism development in Langkawi Island is already reaching its maximum level. Only small part at the east of 
Langkawi Island is suitable for tourism development. As shown in Figure 5, approximately 341.99 acres have 
potential to be developed or will experience urban development pressure. Other areas as shown in red were less 
suitable for tourism development, while areas represented in white in the maps are unsuitable for tourism 
development. These areas are either ESA which is restricted from being developed or existing developed areas.   
In promoting tourism sector for Langkawi Island, one of the major challenges faced by planners and decision 
makers is to ensure that the product being developed would not degrade or damage the environment (Chan, [4]). 
This could be undertaken by proper planning which involved taking into consideration opinion and preferences 
from various stakeholders such as planners, environmentalist, policy makers and the public (Malcweski, [18]). 
GIS-based MCE approach provides a framework from evaluating choice possibilities which allow for systematic 
approach in decision making (United Nations, [6]; Yaakup & Abu Baker, [25]; Samat, [7]).  
 
 
Fig 4: Potential sites for urban development in Langkawi Island. 
8.0  Conclusion 
Tourism sector has contributed significantly to the economy and social-economic development in Langkawi 
Island. At the same time, this activity also could bring negative consequences to the environment. At a regional 
scale land use changes analysis undertaken in Langkawi Island revealed that although the government has 
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ary 2009. 
planned various strategies to promote tourism development, it managed to safeguard the environment. Not much 
change has occurred in term of land use land cover transformation from non built-up to built-up areas. This is 
probably due to the effectiveness of the conservation strategy used to control urban development and urban 
sprawl in the island.  Furthermore, potential sites for urban development identified using GIS-Based MCE 
approach also revealed that another 341.99 acres have potential to be developed for various activities including 
for tourism. Such an approach provides framework and guideline for planners and decision makers in planning 
and developing land for tourism activities in Langkawi Island. 
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